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CEMENT COMPOSITIONS WITH IMPROVE® BJBCB^^ 

AND METHODS OF CEMENTING IN SUBTERRANEAN FORMATIONS 

BACKGROUND OF THE mVEHTION 

1. of llie Invoilion 

The present invention relates to foamed cementing operations in subterranean zones, 
and more particulariy. to foamed wett cement compositions having improved mechanical 
properties and methods of using the compositions in subterranean v.eU cementing operations. 

2. Description of tiie Prior Art 

HydrauHc cement compoations aie commonly utilized in subterranean operations, 
particularly subterranean well completion and lemedial operations. For example, hydm^c 
cement compositions are used in primary cementing operations whereby pipe strings such as 
casings and liners are cemented in weU bores. In performing primary cementing, ^draulic 
cement compositions are pumped into the amxular space between the walls of a well bore and 
the ejrteriorsurfeceofthe pipe string disposed therein. The cement compo^on is permitted 
to set in the amnilar space, thereby forming an amiular sheath of hardened substantially 
anpenneable cement therein that substantially supports and positions the pipe string in the 
^ bore and bonds the exterior suifeces of the pipe string to the walls of the well bore. 
HydrauHc cement compositions also are used in remedial cementing operations such as 
phigging highly permeable zones or fiactures in weU bores, phagging cracks in holes in pipe 
strings, and the like. 

Cement compositions utilized in well appUcations must often be lightwdght to 
prevent excessive hydrostatic pressure ftom bdng exerted on subterranean formations 
penetrated by the weU bore wher^ the formations are unintentionally fractured. Thus, 

foamed cement compositions are often used in subterranean well appUcations. In addition to 
being Ughtwdght, a foamed cement composition contains con^ressed gas which improves 
tiie ability of tiie composition to maintain pressure and prevent the flow of formation fluids 
into and through the cement composition during its transition time. i.e., tiie time during vMch 
tiie cement composition changes from a true fluid to a hard set mass. Foamed cement 
compositions are also advantageous because they have low fluid loss properties. 
Additionally, foamed cements have a lower modulus of elasticity than non-foamed cements, 
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Which is desirable as it enables the cement, inter alia, to resist hoop stresses when the cement 
encases pipe that expands jfrom internal pressures. 

A stable foamed cement may be generated in situ in circumstances such as when Ihe 
cement composition contains an expanding additive, such as a fine aluminum powder, that 
generates a gas within the composition as it reacts with the high pH of the cement slurry. In 
other cases, a stable foamed cement may be generated v*ien Portland cement, or any other 
hydraulic cement, has air or a compressed gas such as nitrogen injected with proper 
sur&ctants. 

Set cement in subterranean formations, and particularly the set cement sheath in the 
annulus of a well bore, may feil due to. inter alia, shear and compressional stresses exerted 
on the set cement This may be particularly problematic in hostile subterranean fonnations. 
In these types of fonnations. set cements often feil as a result of Ae stresses exerted on the set 
cement 

The stress exerted on tbe cement as referred to herein means the force applied over an 
area resulting fix)m the strain caused by the incremental change of a body's length or volume, 
nie stress is generally thought to be related to strain by a proportionality constant known as 
Young's Modulus. Young's Modulus is known to characterize the flexibility of a material. 

There are several stressful conditions that have been associated with well bore cement 
failures. One example of such a condition results fi-om the relatively high fluid pressures 
and/or temperatures inside of the set casing during testing, perforation, fluid irgection. or 
fluid production. If the pressure and/or temperature inside the pipe increase, the resultant 
internal pressure e>q>ands the pipe, both radially and longitudinally. This expansion places 
stress on the cement surrounding the casing causing it to crack, or the bond between the 
outside surfece of the pipe and the cement sheath to feil in the form o^ inter alia, loss of 
hydraulic seal. Another example of such a stressful condition is where the fluids trapped in a 
cement sheath thermally expand causing high pressures within the sheath itself This 
condition often occurs as a result of high temperature differentials created during production 
or injection of high temperature fluids through the well bore, e.g., wells subjected to steam 
recovery processes or the production of hot formation fluids. Other stressful conditions that 
can lead to cement failures include the forces exerted by shifts in the subterranean formations 
surrounding the well bore or other over-burdened pressures. 
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M»e of cemem witoflie weU bore «n .«su« in »dial or oircomfcre-ti-d c«*»g 

^ tt„ ce.,^ sh««h and the surrounding sub^rranean formation.. Snch Mures can 
^ in « least lost production, euAonmental poUutiou. ha^ous rig operrtrons. 

production oper-iona. A connnon result is the undesirable pres^rce of press^«^ 
Id in the form of trapped gas between casing strings. Addrt.««lly. cernent 
Mures can be pardcularly problem«ic in muW-latcra. «eUs. v*ich includ. ve«r^r 
deviated (including borizo«al) principal ^ bores having one or more ancUlary. Werally 
extending weU bores connected tbeieto. 

in both conven.i«»l single bore «ells «.d muW-la«.al «ea, bavmg several bores. 
,becemen.composi,ionu.ilizedto«n»n.ingc.singorli.«sin«hcv»^ 
Mgh bond strengm after setting and also have sufBcient resiUency. .g.. ^^T^f 
Zm. .0 resist loss of pipe or fonnad«. bonding, craddng and/or J"'™""* 
an ofl stressful conditions .bat may plague ti» well, including imp^ts and/or shocks 

eenraated by drilling and other weUoperaHons. 

Because a tMrical foamed cement composition wiU have a lower tensfle stre^gar tium 

.^cal non-ioamed cement. . foamed cement is more susceptible «, ,h«e ^ 
Asaresmtfi-medcementsmaynotbeas useful insnbterraneanapphc-^ns. 

SUMMARY or THE INVENTION 
•ne present invention provides a fcamed cement composition having improved 
m.chanicalproperdesindudh«.ensiIest.engfl.«»ieh«tici.,.ar^«ethodsforu^ 

A preferred method of the present imrenlion comprises flie steps of provdmg a 

eemen. composition comprising ^Mitive »^ carbon '^^J^ 

cemem composition «, a subterr^*-. v«« bore, and anowing the e:tp»^ 

genemte a gas within the cement composiBm. before .he cement composfon develops 
!„bstan.ial Tmpre^ive strength. Another prei^ method of *e P»se.«-en^ 
comprises the steps of p.ovidingacementcompositi«.comprish^anexpa.»^ 
caAonfibers.anowing«« cement compositiont„lormafcamedcem««.placmg.hef^ 

cementoomposrtionintotheweUbore.andaUowingrttosettherem 

One embodiment of the cement compositions of the present im«nt.«> mvolves 
.dditim. of carbon fibers a foamed cemem compositioa Optionally, other ad^ves 
s^te for cement compositim^ such as ret^dan... accelerants, weighing agents, flurd loss 
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agents, and Ihe like may be added to the foamed cement compositions of the present 
invention. 

The objects, features and advantages of the present invention wiU be readily apparent 
to those skiUed in the art upon a reading of the description of the preferred embodiments, 
which follows. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention provides cement compositions having improved mechanical 
properties, including elasticity and tensile strengfli. and methods of utilizing these cement 
compositions in subterranean cementing appUcations. While the compositions and methods 
are useful in a variety of subterranean applications, they are particularly useftd for 
subtenanean well completion and remedial operations, such as primary cementing, e.g., 
cementing casings and liners in weU bores, including those in muW-lateial subterranean 
wells. 

The improved cement compositions of the present invention generaUy comprise a 
cement composition that further comprises a hydraulic cement, carbon fibers, water sufficient 
to form a pumpable slurry, and an expanding additive capable of causing a ^ to become 
incorporated within the cement composition. This incorporation of a gas by an method into 
the cement composition is referred to herein as "foaming" the cement composition, resulting 
in a "foamed cement." The expanding additive may be a gas or any other additive, such as a 
particulate additive, tiiat causes the incorporation of a gas within tiie composition at a desired 
point in the process. Other additives suitable for use in subterranean well bore cementing 
operations also may be added to these compositions if desired 

Any cements suitable for use in subtenanean plications are suitable for use in the 
present invention. Preferably, in one embodiment, the improved cement compositions of tiie 
present invention comprise a hydraulic cement A variety of hydrauUc cements are suitable 
for use including tiiose comprised of calcium, aluminum, silicon, oxygen, and'or sulfur, 
which set and harden by reaction with water. Such hydraulic cements include but are not 
limited to, Porfland cements, pozzolana cements, gypsum cements, high alumina content 
cements, silica cements, and high alkalinity cements. One example of a cement is 
commercially available under the trade designation "THEBU^IALOCK" available from 
HaUiburton Energy Services in Duncan, Oklahoma, which is a calcium phosphate cement, 
described further in U.S. Pat No. 6,488,763, vMch is assigned to the assignee of Ihe present 



NSOOCtD: <WO 20040991 01 A2J.> 



wo 2004/099101 



PCT/GB2004/001636 



application and is incorporated herein by reference. Preferably, however, where the 
expanding additive is a particulate, the most suitable cements are Portland cements or any 
other cements which have a suitably high pH, preferably above 12. Where the expanding 
additive is a gas. any cement suitable for use in subterranean well cementing operations may 
be used. 

The water utilized in Ihe cement compositions of this invention can be fresh water, 
salt water (e.g.. water contaming one or more salts dissolved therein), brine (e.g.. saturated 
salt water produced from subterranean formations), or seawater. Generally, the water can be 
from any source provided that it does not contain an excess of conqx>nnds that adversely 
affect other components in the canent composition. The water may be present in an amount 
sufficient to form a pumpable slurry. More particularly, the water is present in Ihe cement 
compositions in an amount in the range of from about 25«/o to about 100% by wei^t of 
cement therein, more preferably in the range of from about SO-Zo to about 50% by wei^t of 

cement material therein. 

The carbon fibers that are present in the cement compositions of the present invention 
are preferably hi^ tensile modulus carbon fibers which most preferably have a high tensile 
strength. In certain preferred embodiments, to achieve certain of the advantages associated 
with Ihe present invention, the tensile modulus of the fibers exceeds 180 GPa, and the tensUe 
strength of the fibers may exceed 3000 MPa. The fibers preferably have a mean length of 
about 1 mm or less. In certain preferred embodiments, the mean lenglhofthe carbon fibers is 
from about 50 to about 500 microns. Most preferably, the fibers have a mean length in the 
range of from about 100 to about 200 microns. Preferably, ftey are milled carbon fibers. An 
example of suitable carbon fibers includes "AGM-94" carbon fibers commereially available 
from Asbury Graphite Mills, Inc., of Asbury, New Jersey. AGM-94 fibers have a mean 
length of about 150 microns and a diameter of about 7.2 microns. Another example of 
suitable carbon fibers includes the "AGM-99" carbon fibers, also available from Asbury 
Graphite MUls. hic. which have a mean length of about 150 microns and a diameter of about 
7.4 microns. Preferably, the carbon fibers are present in the amount of from about 1% by 
weightof cement to about 15% by weigjit of cement in the cement composition. 

The expanding additive may be any component suitable for performing the desired 
fimction of incorporating gas into the cement composition. Further, foaming of the cement 
compositioncanbeaccomplishedbyanysuitablemethod. In one preferred embodiment, the 
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cement is foamed by direct injection of the expanding additive into the composition. For 
instance, v\*ere the cement composition is foamed by the direct injection of gas into the 
composition, the gas utihzed can be air or any suitable inert gas, such as nitrogen, or even a 
mixture of such gases. Preferably, nitrogen is used. Where foaming is achieved by direct 
injection of gas, the gas is present in the composition in an amount sufBcient to foam the 
composition, generally in an amount in the range of from about 0.01% to about 60% by 
volume of the composition. In another preferred embodiment, the cement is foamed by gas 
generated by a reaction between the cement sluny and an expanding additive present in the 
cement in particulate form. For example, the composition may be foamed by hydrogen gas 
generated in situ as the product of a reaction between the high pH slurry and fine aluminum 
powder present in the cement Where an expanding additive in particulate form is used, 
aluminum powder, gypsum blends, and deadbumed magnesium oxide are preferred. 
Preferred expanding additives comprising aluminum powder are commercially available 
under the tradenames "GAS-CHEK®" and "SUPER CBL" from Halliburton Energy Services 
of Duncan, Oklahoma; a preferred expanding additive comprising a blend containing gypsum 
is commercially available under the tradename "MICROBOND" from Halliburton Energy 
Services of Duncan, Oklahoma; and preferred expanding additives comprising deadbumed 
magnesium oxide are commerciaUy available under the tradenames "MICROBOND M" and 
"MICROBOND HT" from Halliburton Energy Services of Duncan. Oklahoma. Such 
preferred expanding additives are described in U.S. Pat. Nos. 4,304,298; 4,340,427; 
4,367,093; 4.450,010 and 4,565,578. which are assigned to the assignee of the present 
application and are incorporated herein 1^ reference. 

Where the expanding additive is a gas, foaming of the cement composition is 
preferably achieved at the surface, and the foamed cement composition is tiien introduced 
into the subterranean formation and pemiitted to set therein into a high strength, resilient, 
ductile and tough foamed cement mass. 

It has been found that foaming a cement composition affects the mechanical 
properties of the cement composition by, inter alia, reducing its density and improving its 
elasticity. This may be desirable for certain reasons. However, when a cement composition 
is foamed sufficiently to desirably affect the elasticity of the cement, the tensile strength of 
the cement may be adversely affected. The risk of rupture of the cement sheath in response 
to a stressful condition is directly linked to the tensile strength of the cement, and the risk is 
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attenuated when the ratio of the tensile strength of the cement to its Young's Modulus is 
increased. Thus, increasing the tensile strength of the cement by adding carbon fibers is 
desirable to increase the tensile strength of the foamed cement composition. Also, adding 
caibon fibers as opposed to other additives, such as polypropylene, has the added benefit of 
providing increased temperature stability to the cranent compositioiL This makes the cement 
compositions of the present invention especially suitable for use in or in conjunction with 
hostUe subterranean conditions, such as hig^i temperatures and/or high pressures. 

As will be recognized by those skilled in ^ ait, vAnsa the cement compositions of the 
present invention are utilized for primary or remedial subterranean well operations, such 
compositions can also include additional suitable additives, for example, fluid loss agents, 
wei^ting materials, and the like. The foamed cement compositions of the present invention 
also can include other additives such as accelerants or retardeis, if desired. If an accelerant is 
used, the accelerant is preferably calcium chloride and is present in an amount in the range 
from about 1.0% to about 2.0% by weight of the cement in the compositions. Fluid loss 
additives such as hydroxyethylcellulose. caiboxymethylcellulose, 

carboxymethylhydroxyethylceUulose, hydroxypropylcellulose, hydroxypropylguar, guar, 
polyvinylalcohol, or polyvinylacetate are also suitable. Where the cement composition is 
foamed by the direct injection of a gas or mixture of gases, a surfectant may also be present 
in the cement composition. Any commerciaUy available surfactant may be used. An 
example is "ZONESEAL 2000™," commercially available from HaUiburton Energy 
Services. Inc., which is described in U.S. Pat No. 6,063,738, which is assigned to the 
assignee of the present application and is incorporated herein by reference. 

A preferred method of the present invention comprises providing a cement 
composition that comprises caibon fibers; injecting sufBcient gas into the composition to 
foam it to a chosen density; introducing this foamed cement composition to a subterranean 
weU bore; and allowing the foamed cement composition to set therein. An example of a 
preferred cement composition prepared by this method is a composition of Class A Portland 
cement, sufficient water to form a pumpable slurry, sufficient gas to foam the composition to 
a density of 12 Ib/gallon, 2% ZONESEAL 2000™ surfactant by weight of water, and 5% 
milled carbon fibers having a mean length of 150 microns by weight of the cement in the 
composition. 
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Another preferred method of the present invention comprises providing a cement 
composition that comprises caihon fibers, water and an expanding additive in particulate 
form; introducing this cement composition into a subterranean well bore; evolving gas within 
the cement composition prior to developing substantial compressive strength; and then 
pennitting the composition to set therein. An example of a composition prepared by this 
metiiod is a composition comprising Class A Portland cement. 46% water by weight of the 
cement, 1% SUPER CBL expanding additive by weight of cement, and 10% milled caibon 
fibers having a mean length of 150 microns by weight of the cement in the composition. 

To feciUtate a better understanding of the present invention, the following examples 
of some of the preferred embodiments are given, hi no way should such examples be read to 
limit the scope of the invention. 

EXAMPLE 1 

Test samples of preferred embodiments of the cement compositions of tiie present 
invention were made and the tensile strength of each composition was determined 
Comparative samples were also made and similarly tested. The test foamed cement 
qompositions depicted in Example 1 were prepared by mixing Class A Portiand Cement with 
46% by weight of the cement water, and foamed with air to a density of 12 Ib/gaUon. 
ZONESEAL 2000-™ surfactant was added to the foamed cement in an amount equal to 2% 
by weight of water, and the composition was cured for 24 hours at ambient temperatiire. To 
certain sample cement compositions, carbon fibers were added in chosen ratios as described 
in Table 1. The carbon fibers were milled fibers, specifically AGM-99 fibers fi-om Asbury 
Graphite Mills Inc., with a mean length of 150 microns and a diameter of 7.4 microns. The 
tensile stirength of each cement composition was then detemuned in accordance witii ASTM 
C496-96. 

Table 1 below lists the percentage of caibon fibers that were added to each cement 
composition and the resultant tensile strength. 



TABLE 1 



Sample 
Description 


Water-to- 
Cement Ratio 


Milled Carbon Fibers 
(% by weight of 
cement) 


Tensile 
Strength 
Cpsi) 


Comparative 


0.46 


0 


115 
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Sample No. 1 








Comparative 
Sample No. 2 


0.46 


5 


160 



Comparative Sample No. 1 illustrates the tensile strength of a foamed cment 
composition when no carbon fibers have been added to the composition. The tensile strength 
was llSpsi. 

Comparative Sample No. 2 illustrates the tensile strength of a foamed cement 
composition containing carbon fibers. The tensile strength was 160 psi. a 39% increase from 
Comparative Sample No. 1. 

EXAMPLE 2 

The test foamed cement compositions depicted in Example 2 were prepared by 
mixing Class A Portland Cement with 46% water by weight of the cement, and 1% SUPER 
CBL ejqwnding additive by weight of the cement The composition was cured for 24 hours 
at 150"F. To certain sample cement compositiom, carbon fibers were added in chosen ratios 
as described in Table 2. The caibon fibers were milled fibers, specifically AGM-94 fibers 
from Asbury Graphite Mills Inc., with a mean length of 150 microns and a diameter of 7.2 
microns. The tensile strength of each cement composition was then determined in 
accordance with ASTM C496-96. 

Table 2 below Usts the percentage of caifoon fib«s that were added to each cement 
composition and tiie resultant tensile strength. 



TABIaE2 



Sample 
Description 


Water-to- 
Cement Ratio 


Milled Carbon Fibers 
(% by weight of 
cement) 


Tensile 
Strength 
(psi) 


Comparative 
Sample No. 3 


0.46 


0 


258 


Comparative 
Sample No. 4 


0.46 


10 


418 
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Compaiative Sample No. 3 iUustetes the tensile strength of a foamed cement 
composition >vhen no caihon fibers have been added to the compositioa The tensile strength 
was 258 psi. 

Compaiative Sample No. 4 illustrates the tensile strength of a foamed cement 
composition containing carbon fibers. The tensile strength was 418 psi. a 62% increase from 
Comparative Sample No. 3. 



EXAMPLES 

It has been noted tiiat lower water-to-cement ratios may affect realized tensile 
stiiength. Sample cement compositions were prepared by mixing Class A Porfland Cement 
witii 38% water by weight of the cement, and foamed with air to a density of 12 Ib/gallon 
ZONESEAL 2000^ surfectant was added to tiie foamed cement in an amount equal to about 
2% by weight of water, and tiie composition was cured for 24 hours at Carbon fibers 
were added to one sample composition in an amount equal to 5% by weight of the cement 
The carbon fibers were milled fibers. specificaUy AGM-99 fibers from Asbury Graphite 
Mills Inc.. with a mean lengfli of 150 microns and a diameter of 7.4 microns. The tensile 
sti«ngth of each cement composition was then determined in accordance with ASTM C496- 
96. The sample containing carbon fibers demonstrated a 6.0% increase in tensile strength as 
compared to the sample which lacked carbon fibers. 

Therefore, the present invention is well adapted to cany out tiie objects and attain the 
ends and advantages mentioned as well as tixose fliat are inherent therein. While numerous 
clmnges may be made by those skilled in tiie art, such changes are encompassed witiiin tiie 
spirit of tiiis invention as defined by the appended claims. 
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What is claimed is: 

1. A method of cementing in a subterranean formation comprising the steps of. 
providing a cement composition capable of being foamed, the cement 

composition comprising a hydraulic cement, water, carbon fibers and an expanding additive; 
allowing the cement composition to foam; 

placing the foamed cement composition in the subterranean formation; and 
allowing the foamed cement composition to set therein. 

2. The method of claim 1 wherein the cement composition comprises Portland 
cements, pozzolana cements, gypsum cements, high alumina content cements, silica cements 

or high alkalinity cements. 

3. The method of claim 1 wherein the hydrauUc cement is a calcium phosphate 

cement 

4. The metiiod of claim 1 vtbst&n the caibon fibers are present in an amount of 
from about 1% to about 15% by weight of the cement in the cement composition. 

5. The method of claim 1 wherein the caibon fibers have a mean length of about 
150 microns. 

6. The method of claim 1 wherein the cement composition fiirther comprises a 
surfactant, a retardant. an accelerant, a fluid loss agent, or a weighting agent. 

7. The method of claim 1 wherein the cement composition has a tensUe strength 

greater than about 115 psi. 

8. The method of claim 1 \v*eiein the expanding additive comprises one or more 

gases. 

9. The method of claim 8 wherein the wqwnding additive comprises air, nitrogen 
or a mixture hereof. 

10. The method of claim 9 wherein the ejqianding additive is present in an amount 
in the range of from about 0.01% to about 60% by volume of the cement in the cement 
composition. 

11. The method of claim 1 wherein the caibon fibers are present in an amount of 
from about 1% to about 15% by weight of the cement in the cement composition, and 
wherein the expanding additive is present in an amount in the range of from about 0.01% to 
about 60% by volume of the cement in the cement composition. 
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12. The method of claim 1 wherein the water is present in the cement composition 
in an amount in the range of from about 25% to about 100% by weight of cement. 

13. The method of claim 1 wherein the water is present in the cement composition 
in an amount in the range of from about 30% to about 50% by weight of cement. 

14. The method of claim 1 wherein the carbon fibers have a mean length of about 
150 microns and are present in an amount of from about 1% to about 15% by weight of the 
cement in the cement composition, wherein the expanding additive is a gas present in an 
amount in the range of from about 0.01% to about 60% by volume of the cement in the 
cement composition, wherein the water is present in the cement composition in an amount in 
the range of from about 30% to about 50% by wei^ of cement, and wherein Ifae tensile 
strengtti of tiie foamed cement is greater than about 1 15 psi. 

15. A method of cementing in a subterranean formation comprising the steps of: 
providing a cement composition capable of being foamed, the cement 

composition comprising a hydraulic cement, water, caibon fibers, and an expanding additive; 
placing the cement composition into the subterranean formation; and 
aUowing a reaction to occur within the cement composition, wherein the 

reaction involves at least one component of the cement composition, and the reaction 

generates a gas within the cement composition before the cement composition develops 

substantial compressive strength. 

16. The method of claim 15 wherein the hydraulic cement comprises Porfland 
cements, or a cement having a pH above about 12. 

17. The method of claim 15 wherein the caibon fibers are present in an amount of 
from about 1% to about 15% by weight of the cement in the cement composition. 

18. The method of claim 15 v/ber&n flie caibon fibers have a mean length of about 
150 microns. 

19. The method of claim 15 wherein the cement composition fiirther comprises a 
dispersant, a retardant. an accelerant, a fluid loss agent, or a weighting agent. 

20. The method of claim 15 wherein the cement composition has a tensile strength 
greater than about 258 psi. 

21. The method of claim 15 wherein the expanding additive comprises an 
aluminum powder, gypsum, or deadbumed magnesium oxide. 
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22. The method of claim 15 wherein the water is present in Ihe cement 
composition in an amount in the range of from about 25% to about 100% by wei^t of 
cement 

23. The method of claim 15 wherein the water is present in the cement 
composition in an amount in the range of from about 30% to about 50% by weig^it of cement. 

24. The method of claim 15 wherein the expanding additive is an aluminum 
powder, wherein the caibon fibers have a mean length of about 150 microns and are present 
in an amount in the range of from about 1% to about 15% by weight of the cement in the 
cement composition, wherein the water is present in the cement composition in an amount in 
the range of from about 30% to about 50% by weight of cement, and herein the cement 
composition has a tensile strength greater than about 258 psi. 

25. A mefliod of cementing in a subterranean formation comprising the steps of: 
providing a cement composition capable of being foamed, the cement 

composition comprising a hydraulic cement, water, and carbon fibers; 

placing the cement composition in the subterranean formation; 

introducing an expanding additive to the cement composition; and 

allowing a gas to become incorporated within the cement composition before 

the cement composition develops compressive strength. 

26. The method of claim 25 \siierein the expanding additive comprises one or 

more gases. 

27. The method of claim 26 wherein the expanding additive comprises air, 

nitrogm or a mixture thereof. 

28. The method of claim 27 wherein the ejqwaiding additive is present in an 
amount in the range of from about 0.01% to about 60% of the volume of cement in the 
cement composition. 

29. The method of claim 26 viierein the hydraulic cement comprises Portland 
cements, pozzolana cements, gypsum cements, high alumina content cements, silica cements 

or high alkalinity cements. 

30. The method of claim 27 wherein the cement composition fiirther comprises a 

sur&ctant 

31. The method of claim 25 vAnsrem the cement composition fiirther comprises a 
retaidant, an accelerant, a fluid loss agent, or a weighting agent. 
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32. The method of claim 25 wherein the caibon fibers are present in an amount of 
ftom about 1% to about 15% by weigjit of the cement in the cement composition. 

33. The method of claim 25 wherein the carbon fibers have a mean length of about 
150 microns. 

34. The method of claim 26 wherein the cement composition has a tensile strength 
greater than about 115 psi. 

35. The method of claim 25 wherein the water is present in the cement 
composition in an amount in the range of firom about 25% to about 100% by weight of 
cement 

36. The method of claim 25 wherein the water is present in the cement 
composition in an amount in Ifae range of fi^om about 30% to about 50% by weight of cement 

37. The method of claim 25 wherein the expanding additive comprises an 
aluminum powder, gypsum or deadbumed magnesium oxide. 

38. The method of claim 37 MALerein the hydraulic cement comprises Portland 
cement or any other cement having a pH higher than about 12. 

39. The method of claim 37 wherein the cement composition has a tensile strength 
greater than about 258 psi. 

40. The method of claim 25 wherein the carbon fibers have a mean length of about 
150 microns and are present in an amount in the range of from about 1% to about 15% by 
weight of a cement component in the cement composition, wherein the water is present in the 
cement composition in an amount in the range of fi^om about 30% to about 50% by weight of 
cement, and wherein the cement composition has a tensfle strength greater than about 1 15 psi. 

41. A method of enhancing the tensile strength of a cement composition that is 
capable of being foamed comprising the step of adding carbon fibers to the cement 
composition. 

42. The method of claim 41 wherein the caibon fibers have a mean length of about 
150 microns. 

43. The method of claim 41 wherein the caiton fibers are present in an amount of 
from about 1% to about 15% by wei^t of a cement component of the cement composition. 

44. The method of claim 41 wherein the strengthened cement composition has a 
tensile strength greater than about 1 15 psi. 
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45. The method of claim 41 wherein the fibers are added after the cement 

compositioii has been foamed. 

46. The method of claim 41 wherein the carbon fibers have a mean length of about 
150 microns and are present in an amount of from about 1% to about 15% by weight of a 
cement component of the cement composition, and where the strengthened cement 
composition has a tensile strengfli greater than about 1 15 psi. 

47. A cement composition comprising: 
a hydraulic cement; 

carbon fibers; 

water present in an amount sufficient to form a cement slurry; and 

an expanding additive i»esent in an amount sufficient to foam the 

composition. 

48. The cement composition of claim 47 wherein the expanding additive 

comprises one or more gases. 

49. The cement composition of claim 48 wherein Ae expanding additive 

comprises air, nitrogen or mixtures thereof 

50. The cement composition of claim 49 wherein the expanding additive is present 
in an amount in the range of ftom about 0.01% to about 60% by volume of the cement 
composition. 

51. The cement composition of claim 48 wherein the carbon fibers are present in 
an amount of from about 1% to about 15% by weight of the cement in the cement 
composition, and wherein the eqanding additive is present in an amount in the range of from 
about 0.01% to about 60% by volume of the composition. 

52. The cement composition of claim 48 wherein the hydraulic cement is selected 
from the group consisting of Portland cements, pozzolana cements, gypsum cements, high 
alumina content cements. siUca cements, higji alkalinity cements, and calcium phosphate 
cements. 

53. The cement composition of claim 48 finther comprising a surfectant, a fluid 
loss agent, a weighting agent, an accelerant, or a retardant 

54. The cement composition of claim 47 wherein the expanding additive is a 

powder. 
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55. The cement composition of claim 54 wherein the hydraulic cement is a 
Portland cement or a cement having a pH greater than about 12. 

56. The cement composition of claim 47 wherein the carbon fibers have a mean 
length of about 150 microns. 

57. The cement composition of claim 47 wherein the carbon fibers are present in 
an amount of from about 1% to about 15% by weight of a cement component of the cement 
composition. 

58. The cement composition of claim 47 wherein the cement composition has a 
tensile strength greater than 1 15 psi. 

59. The cement composition of claim 54 wh^ein the cement composition has a 
tensile strength greater than 258 psi. 

60. The cement composition of claim 47 further comprising a fluid loss agent a 
weighting agent, an accelerant, or a retardant. 

61. The cement composition of claim 47 wiierem the water is present in an 
amount in Ae range of firom about 25% to about 100% by weight of cement 

62. The cement composition of claim 47 wherein the water is present in an 
amount in the range of fi-om about 30% to about 50% by weight of cement. 
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This International Searching Authority found multiple (groups of) 
inventions in this international application^ as follows: 

1. claims: 1-40 (fully), 47-62 (partially) 

A method of cementing in a subterranean formation comprising 
the steps of: providing a cement composition capable of 
being foamed, the cement composition comprising a hydraulic 
cement, water, carbon fibers and an expanding additive; 
allowing the cement composition to foam; placing the foamed 
cement composition in the subterranean formation; and 
allowing the foamed cement composition to set therein 
(claim 1) 

A method of cementing In a subterranean formation corrorising 
the steps of: providing a cement composition capable of 
being foamed, the canent composition comprising a hydraulic 
cement, water, carbon fibers and an expanding additive- 
placing the foamed cement composition in the subterranean 
formation; and allowing a reaction to occur within the 
conent composition, wherein the reaction involves at least 
one component of the cement compos iti on » and the reaction 
generates a gas within the cement composition before the 
cement composition develops substantial compressive 
strength, (claim 15) 

A method of cementing in a subterranean formation comprising 
the steps of: providing a cement composition capable of 
being foamed, the cement composition comprising a hydraulic 
cement, water and carbon fibers; placing the foamed cement 
composition in the subterranean formation; introducing an 
expanding additive to the cement composition; and allowing a 
gas to become incorporated within the cement composition 
before the cement composition develops substantial 
compressive strength, (claim 25) 

A cement composition comprising: a hydraulic cement; carbon 
fibers; water present in an amount sufficient to form a 
cement slurry; and an expanding additive present in an 
amount sufficient to foam the composition, (claim 47) 

1.1. claims: 1-14 (fully), 47-62 (partially) 

A method of cementing in a subterranean formation comprising 
the steps of: providing a cement composition capable of 
being foamed, the conent composition comprising a hydraulic 
cement, water, carbon fibers and an expanding additive- 
allowing the cement composition to foam; placing the foamed 
cement composition in the subterranean formation; and 
allowing the foamed cement composition to set therein 
(claim 1). 

A cement composition comprising: a hydraulic cement; carbon 
fibers; water present in an amount sufficient to form a 
cement slurry; and an expanding additive present in an 
amount sufficient to foam the composition, (claim 47) 

1.2. claims: 15-24 (fully), 47-62 (partially) 
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A method of cementing in a subterranean formation comprising 
the steps of: providing a cement composition capable of 
being foamed, the cement composition comprising a hydraulic 
cement, water, carbon fibers and an expanding additive; 
placing the foamed conent composition in the subterranean 
formation; and allowing a reaction to occur within the 
cement composition, wherein the reaction involves at least 
one component of the cement composition, and the reaction 
generates a gas within the cement composition before the 
cement composition develops substantial compressive 
strength, (claim 15) . . ^ ^ ^ u 

A cement composition comprising: a hydraulic cement; carbon 
fibers; water present in an amount sufficient to form a 
cement slurry; and an expanding additive present in an 
amount sufficient to foam the composition, (claim 47) 

1.3. claims: 25-40 (fully). 47-62 (partially) 

A method of cementing in a subterranean formation comprising 
the steps of: providing a cement composition capable of 
being foamed, the cement composition comprising a hydraulic 
cement, water and carbon fibers; placing the foamed cement 
composition in the subterranean formation; introducing an 
expanding additive to the cement composition; and all9wing a 
gas to become incorporated within the cement composition 
before the cement composition develops substantial 
compressive strength, (claim 25) ^ ^ 

A cement composition comprising: a hydraulic cement; carbon 
fibers; water present in an amount sufficient to form a 
c«nent slurry; and an expanding additive present in an 
amount sufficient to foam the composition, (claim 47) 

2. claims: 41-46 (fully), 47-62 (partially) 

A method of enhancing the tensile strength of a cement 
composition that is capable of being foamed comprising the 
step of adding carbon fibers to the cement composition. 

(claim 41) _ ^ ^ ^. ^ u 

A cement composition comprising: a hydraulic cement; carbon 
fibers; water present in an amount sufficient to form a 
cement slurry; and an expanding additive present in an 
amount sufficient to foam the cOTiposition. (claim 47) 
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